Objective: To explore the influence of gastrodin on IL-10, JAK2 and STAT3 in hippocampus of epileptic rats induced by pentylenetetrazol and the role of the IL-10 pathway in epilepsy. Methods: 50 adult male Wistar rats were randomly divided into 5 groups: normal control group (NC Group), epilepsy model group (EP Group), low doses of gastrodin + EP Group (GE1 Group), medium doses of gastrodin + EP Group (GE2 Group), high doses of gastrodin + EP Group (GE3 Group). EP group and GE Groups were injected subthreshold doses of pentylenetetrazole (PTZ) by intraperitoneal once a day until reaching the ignited standards. GE groups were respectively injected 4, 6, 8 mg/kg gastrodin by intraperitoneal. All groups were administered for 28 consecutive days. The behavioral changes of the rats were observed and recorded daily 1 hour after the injection. mRNAs of IL-10, STAT3 and JAK2 in hippocampus were measured by RT-qPCR, and proteins by Western blot. Results: Compared GE2 group with EP group, the incubation of seizure was significantly prolonged (P < 0.01), the duration was shorter (P < 0.01) and the intensity was reduced (P < 0.05). Compared with NC group, IL-10 expression levels in hippocampus were significantly decreased in EP group, and JAK2 and STAT3 expression levels were significantly increased. Compared with EP group, IL-10 expression levels in hippocampus were significantly increased in GE2 group, and STAT3 and JAK2 expression levels were significantly decreased in GE2 groups. The mRNA and protein levels of STAT3 and JAK2 were higher while IL-10 was lower in the PTZ group than in the NC group. However, the mRNA and protein levels of STAT3 and JAK2 were lower while IL-10 was higher in the GE2 group than in the PTZ group. Conclusions: Gastrodin can increase the expression of IL-10, and reduce the expression of STAT3 and JAK2, which may play an antiepileptic effect through regulating JAK2/STAT3 signaling pathways by IL-10.
Introduction
Epilepsy is a chronic, repetitive, paroxysmal self-limiting syndrome. It's caused by various brain diseases, characterized the neuron highly synchronized abnormal discharge. There are 600 -1000 million epilepsy patients in China and 65 -70 million new cases every year [1] . Inflammation is one of the key factors in the occurrence and seizure of epilepsy [2] . On the other hand, cytokines are the most basic substances of regulation inflammation and play a key role in the development of epilepsy [3] .
Interleukin-10(IL-10) is a recently discovered immunosuppressive factor with multiple bioactivity. It plays an important role in inflammation in the development of various diseases such as intestinal inflammation, chronic infection, tumor surveillance and neurodegenerative diseases [4] [5] [6] [7] . In the central nervous system, IL-10 is not only an important immune regulatory factor, but also an important neurotransmitter, which participates in the pathogenesis of epilepsy through various ways. Researching the role of IL-10 in the progress of epilepsy is very important to elucidate the pathogenesis of epilepsy and to prevent epilepsy. Gastrodin is an active ingredient extracted from traditional Chinese medicinal herbs gastrodia elata. We have found that gastrodin has an antagonistic effect on epilepsy in early animal experiment and clinical application [8] , but it is necessary to further study and clarify its specific mechanism.
Therefore, we study the effects of gastrodin on the expression of IL-10, Jak2 and STAT3 in the inflammatory signaling pathway of hippocampal neurons on the basis of the preliminary study, to explore the mechanism of gastrodin in the treatment of epilepsy, and lay a theoretical foundation for the further development and utilization of gastrodin. 
Materials and Methods

Animals and Reagents
Group and Treatment
The rats were randomly divided into 5 groups, 10 per group: normal control group (NC), epilepsy model group (EP), low doses gastrodin + EP Group (GE1), medium doses gastrodin + EP Group (GE2), high doses gastrodin + EP Group (GE3). The dosage of gastrodin was considered as adult. PTZ was prepared into 10 mg/ml (1%) with normal saline (NS) before using, gastrodin 2 mg/ml, stored at 4˚C. Treated the rats at 15:00 -17:00, observed them 1 h after the treatment, recorded the seizure incubation, duration and intensity of each group. The treatment was intraperitoneal injection with a duration of 28 days. The doses used as in Table 1 .
Behavioral Evaluation
We measured the incubation from PTZ injection to myoclonic jerks, the duration from myoclonic jerks to seizures ending. The behavioral changes were rec- 
Detect Hippocampal IL-10, STAT3 and JAK2 Gene Expressing by RT-qPCR
In the 28th day, we randomly selected 4 rats in each group, 20 mg hippocampus for RT-qPCR, corresponding to the same side of the remaining hippocampus for
Western blot. The total RNA was extracted and purified by the instruction manual, determined by ultra-micro-ultraviolet spectrophotometer, detected the out by 2-ΔΔCt method [10] : the expression of related genes was calculated by the difference (ΔCt) of β-actin RNA cyclic threshold (Ct). Calculate the differences in gene expression between the contrastive samples(ΔΔCt), relative quantitation of multiple of expression differences was 2-ΔΔCt, the relative quantitation value of normal group is 1, the 2-ΔΔCt value of each group is a change multiple relative to 1.
Detect Hippocampal IL-10, STAT3 and JAK2 Protein Expressing by Western Blot
Extracted the total protein of hippocampus with conventional method, quantified according to BCA method. Took 20 ul protein solution, added 5 ul 5 × SDS-PAGE sample loading buffer, 100˚C degeneration 5 min, took 30 ug/holes, 10% SDS-PAGE electrophoresis vertical and transferred onto PVDF membrane, blocked for 1h with 5% skim milk (TBST preparation) at room temperature; incubated the PVDF membranes at 4˚C overnight respectively with antibody IL-10 
Statistical Analysis
The results are indicated by mean ± standard deviation ( X ± s), One-way ANOVA followed by the Bonferroni method test was used to determine statistical X. Li, X. L. Cheng significance, and differences were considered significant at P < 0.05.
Results
1) Model:
On the first day, one death in NC group, on the 28th days, a rat died with convulsion in EP group. The rats in EP group and GE groups showed different levels of seizure, most of them achieved lighting standards on the 18th day, manifested in obvious nod, facial and limb convulsions, upright vertical tail or fall or even systemic tonic spasm. The seizure situation on the 28th day was as in Table 3 .
2) Effects of gastrodin on IL-10, STAT3 and JAK2 mRNA expression (Table 4 and Figure 1 ). RT-qPCR showed that the expression of STAT3 and JAK2mRNA in the hippocampus of EP group was significantly higher than that of NC group (P < 0.05), IL-10 mRNA was significantly decreased (P < 0.05); IL-10 mRNA expression in GE2 group was significantly higher than that in EP group (P < 0.01); compared with EP group, STAT3 mRNA expression in GE2 and GE3 group was decreased significantly (P < 0.01), Jak2 mRNA in GE2 group was significantly lower than that in EP Group (P< 0.05).
The mRNA levels of STAT3 and JAK2 higher while IL-10 was lower in the PTZ group than in the NC group. However the mRNA levels of STAT3 and JAK2 lower while IL-10 was higher in the GE2 group than in the PTZ group.
3) Effects of gastrodin on IL-10, STAT3 and JAK2 protein expression in hippocampus of rats (Table 5 and Figure 2 ). Compared with the NC group, the expression of IL-10 protein in EP group was significantly reduced (P < 0.05), STAT3 increased significantly (P < 0.01) and JAK2 increased significantly (P < 0.05). Compared with the EP group, IL-10 protein expression in GE2 group was significantly higher (P < 0.05), STAT3 decreased significantly (P < 0.05) and JAK2 decreased significantly (P < 0.01), STAT3 and JAK2 in GE3 group decreased significantly (P < 0.05).
The protein levels of STAT3 and JAK2 were higher while IL-10 was lower in the PTZ group than in the NC group. However, the protein levels of STAT3 and JAK2 were lower while IL-10 was higher in the GE2 group than in the PTZ group.
Discussions
The pathogenesis of epilepsy is complex, involving neuronal electrophysiological activities, mainly attributed to the imbalance of excitatory and inhibition of the central nervous system, and is closely related to the neurotransmitter imbalance, ion channel, glial cell, heredity, inflammatory reaction and immune abnormality. In clinical, for the traditional single target of antiepileptic drugs mainly in western medicine which has larger side effects, patients can not adhere to long-term use, and they failed to obtain satisfactory curative effect, thus exploring multi-channel, multi-target, effective and low toxic antiepileptic drugs, has become the inevitable way to treat epilepsy.
In our long-term clinical work, we found that for conventional western medicine difficult to control epilepsy (especially the persistent state of epilepsy), combined with gastrodin injection, seizures could be better controlled. Gastrodin is the dry tuber of gastrodia elata, which has anti-inflammatory, scavenging free radicals and anti-apoptotic effects. In the early experiments, we found that gastrodin could promote the expression of cytokines IL-10, inhibit IL-1β and TNF-α in hippocampal neurons, exert an antiepileptic effect by inhibiting the inflammatory reaction in hippocampus of epileptic rats [8] . On the other hand, the JAK/STAT pathway is a key signaling pathway for central nervous system mediated inflammation and immune response [11] . Therefore, this experiment is based on the inflammatory cytokine IL-10 and JAK2/STAT3 as the target, to investigate the molecular target of antiepileptic action of gastrodin through IL-10 regulating inflammatory signaling pathway.
From the perspective of cytokines, in this experiment, compared with NC group, the expression of IL-10 in the hippocampus of EP group was significantly decreased, and it was significantly increased after the intervention of medium dose gastrodin (6 mg/kg). An important role of IL-10 is to inhibit the secretion of inflammatory factors such as IL-1, IL-6, IL-12 and tumor necrosis factor in mast cells and macrophages [12] . In addition, some studies have shown that IL-10 has a significant inhibitory effect on the secretion of TNF-α and IL-2 in peripheral blood mononuclear cells of epileptic rats, and the inhibitory effect was dependent on concentration [13] . In epilepsy mice model induced by pilo- and to find the indexes of evaluating drug efficacy [15] . is an important pathological change in the brain tissue of epileptic patients. In the temporal lobe epilepsy rat model, the JAK2/STAT3 signaling pathway is activated, and the using JAK2/STAT3 specific inhibitor WP 1066 can reduce the frequency and severity of the occurrence of epilepsy [17] . Another study showed that the specific blocking JAK2/STAT3 pathway could significantly inhibited the expression of synaptic protein in temporal lobe epilepsy model rats' hippocampus, regulating the hippocampal synaptic plasticity and played an important antiepileptic role [18] . Therefore, the occurrence of epilepsy is closely related to IL-10 and JAK2/STAT3. In our study, compared with NC group the expression of IL-10 in EP group was significantly decreased, JAK2 and STAT3 significantly 
